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POLISHING APPARATUS INCLUDING amount of the abrasive liquid on the abrasive cloth because 

TURNTABLE WITH POLISHING SURFACE of centrifugal forces imposed on the abrasive liquid. 

OF DIFFERENT HEIGHTS The above approach which tries to equalize all the factors 

BACKGROUND DP THF iMVPNmnw affecting the polishing action, including the flatnesses of the 

BACKGROUND OF THE INVENTION 5 lower end surface of the top ring and the upper surface of the 

L Field of the Invention abrasive cloth on the turntable, over the entire surface of the 

The present invention relates to a polishing apparatus, and s ^ miconductor «° be polished poses limitations on 

more particularly to a polishing apparatus for polishing a cfl °rts to T f d f rfaCe ° f the semiconduclor 

workpiece such as a semiconductor wafer to a flat mirror in ™ ferfla <>° flen resulting in a failure to accomplish a desired 

finish. 10 degree of flatness of the polished surface. 

2. Description of the Related Art u II h f. ' c ™ arv to achieve a more accurate flatness 

n ■ | . ... bv makm S tne holding surface of the top ring concave or 

Recent rapid progress in semiconductor device Integra- convex to develop a certain distribution of pressure on the 

lion demands smaller and smaller wiring patterns or inter- surface of lhe semiconductor wafer for thereby correcting 

connections and also narrower spaces between interconnec- J5 irreg ularities of the polishing action which are caused by an 

tions which connect active areas. One of the processes irregular entry of the abrasive liquid and variations in the 

available for forming such interconnection is phoiohthog- period of time when the abrasive cloth has been used. It has 

raphy. Though the photolithographic process can form inter- also been practiced to correct irregularities of the polishing 

connections that are at most 0.5 ,,m wide it requires that action by usi a ( ri wnich nas a dia nragm an * 

surfaces which pattern images are to be ocused on by a 20 changing a distribmion of * essure Ued b ^ f f . 

stepper be as flat as possible because the depth of focus of whi i e the semiconductor wafer is being polished, 

the optical system is relatively small. u _ . . . L 

. . . , , , „ However, various problems have arisen in the case where 
It is therefore necessary to make the surfaces of semicon- a specific configuration is applied to the holding surface of 
ductor wafers flat for photolithography. One customary way the top ring. Specifically, since the holding surface of the top 
of flattening the surfaces of semiconductor wafers is to 25 ring is held in contact with the semiconductor wafer at all 
polish them with a polishing apparatus. limeS( the holding surface of the top ring affects the polish- 
Conventionally, a polishing apparatus has a turntable and ing action continuously all the time while the semiconductor 
a top ring which rotate at respective individual speeds. An wafer is being polished. Because the configuration of the 
abrasive cloth is attached to the upper surface of the turn- 3Q holding surface of the top ring has direct effect on the 
table. A semiconductor wafer to be polished is placed on the polishing action, it is highly complex to correct irregularities 
abrasive cloth and clamped between the top ring and the of the polishing action by intentionally making the holding 
turntable. During operation, the top ring exerts a certain surface of the top ring concave or convex, i.e., non-flat. If the 
pressure on the turntable, and the surface of the semicon- holding surface of the top ring which has been made 
ductor wafer held against the abrasive cloth is therefore 35 intentionally concave or convex is inadequate, the polished 
polished to a flat mirror finish while the top ring and the surface of the semiconductor wafer may not be made as flat 
turntable are rotating. as desired, or irregularities of the polishing action may not 
The polishing apparatus is required to have such perfor- be sufficiently corrected, so that the polished surface of the 
mance that the surfaces of semiconductor wafers have a semiconductor wafer may not be sufficiently flat, 
highly accurate flatness. Therefore, it is preferable that the 4(J In addition, inasmuch as the holding surface of the top 
lower end surface of the top ring which holds a semicon- ring is of substantially the same size as the surface of the 
ductor wafer and the contact surface of the abrasive cloth semiconductor wafer to be polished, the holding surface of 
which is held in contact with the semiconduclor wafer, and the top ring is required to be made irregular in a very small 
hence the surface of the turntable to which the abrasive cloth area. Because such surface processing is highly complex, it 
is attached, have a highly accurate flatness, and those 45 is not easy to correct irregularities of the polishing action by 
surfaces which are highly accurately flat have been used in means of the configuration of the holding surface of the top 
the art. ring. 

It is known that the polishing action of the polishing The conventional polishing apparatuses, particularly 

apparatus is affected not only by the configurations of the those for polishing semiconductor wafers, are required to 

holding surface of the lop ring and the contact surface of the 50 polish workpiece surfaces to higher flatness. There have not 

abrasive cloth, but also by the relative speed between the been available suitable means and apparatus for polishing 

abrasive cloth and the semiconductor wafer, the distribution workpieces to shapes which are intentionally not flat or for 

of pressure applied to the surface of the semiconductor polishing workpieces such that desired localized areas of 

wafer which is being polished, the amount of the abrasive workpiece surfaces are polished to different degrees, 

liquid on the abrasive cloth, and the period of time when the 55 

abrasive cloth has been used. It is considered that the surface SUMMARY OF THE INVENTION 

of the semiconductor wafer can be highly accurately flat if It is therefore an object of the present invention to provide 

the above factors which affect the polishing action of the a polishing apparatus which can easily correct irregularities 

polishing apparatus are equalized over the entire surface of of a polishing action on a workpiece such as a semiconduc- 

the semiconductor wafer to be polished. 60 tor wafer, and polish a workpiece with an intensive polishing 

However, some of the above factors can easily be equal- action on a desired localized area thereof, 

ized over the entire surface of the semiconductor wafer, but According to a first aspect of the present invention, there 

the other factors cannot be equalized. For example, the is provided a polishing apparatus comprising: a turntable 

relative speed between the abrasive cloth and the semicon- with an abrasive cloth mounted on an upper surface thereof; 

ductor wafer can easily be equalized by rotating the turn- 65 a top ring disposed above the turntable for supporting a 

table and the top ring at the same rotational speed and in the workpiece to be polished and pressing the workpiece against 

same direction. However, it is difficult to equalize the the abrasive cloth; and moving means for moving the 
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A~ n??h the tC l P nDS reIatiVC1 ^ 1° C u Ch ° ther t0 P° Iish miUentl y P 3 ^ 5 ovef lhe rece ^s in the upper surface of the 
a surface of the workpiece ^supported by the top ring with the turntable. Since the abrasive cloth over the recess fe 

smaller dimension in a radial direction^ SSlcL , t J,^, the ~ .P^^ 8 . a weaker polishing action 

a diameter of the workpiece when the projecting region is , V I P ^ ° f abraSIVC d ° th ' ™ erefore > the «a 

held in contact with the workpiece, and a' pSon of the V *« B « nl ««" b * < be flat P^ion of the 

projecting region is determined on the basis of an area in JT™ u * P , l ° a grealer degree than the portion 

which the projecting region acts on the workpiece e abr r asive cloth over the «cess. By determining the 

According to the first aspect of the present invention, ft E* lll0n consideration of the area «> which 

while the workpiece is being polished, the workpiece inter- ^ he re ^ ess acts on 'he workpiece, it is possible to polish a 

mittently passes over the projecting region on the surface of desired area of the workpiece more less intensively, 

the abrasive cloth which is held in contact with the work- In tbe case where plural recesses are employed, they may 

piece. Thus a certain area of the workpiece is therefore De combined in the same manner as the projecting regions, 

contacted by the projecting region, and other areas are tbus maki ng it possible to obtain a desired polished surface 

contacted by a flat portion of the abrasive cloth. Since the 15 of the workpiece. If the workpiece is a semiconductor wafer, 

projecting region produces a greater polishing action than for example, which is to be polished flatwise, then the 

the flat portion of the abrasive cloth, the area of the work- position of the recess is determined so as to less intensively 

piece that is contacted by the projecting region is polished to polish an area where the polishing rate would otherwise be 

a greater degree than the other areas contacted by the flat 100 lar S e » tnus correcting the polishing irregularities, 

portion of the abrasive cloth. By determining the position of 20 Therefore, the workpiece can be polished to a desired 

the projecting region in consideration of the area in which flatness. 

the projecting region acts on the workpiece, it is possible to The above and other objects, features, and advantages of 

polish a desired area of the workpiece more intensively. the present invention will become apparent from the fol- 

Determining the position of the projecting region in lowing description when taken in conjunction with the 

consideration of the area in which the projecting region acts 25 accompanying drawings which illustrate preferred embodi- 

on the workpiece means that the size and position of the ments of the present invention by way of example, 

projecting region are selected in consideration of a polished RRTFF nFSPRTPTinw nr tup no awimpo 

surface produced by the shape, size, position, and height of BRICF DCSCRIP ™ N 0F ™E DRAWINGS 

the projecting region or projecting regions if plural project- FIG - 1 ^ a vertical cross-sectional view of a polishing 

ing regions are employed. In the case where plural project- 30 apparatus according to an embodiment of the present inven- 

ing regions are employed, even if each of the projecting tion; 

regions is of a simple shape such as a circular shape, the FIG. 2 A is an enlarged cross-sectional view of a turntable 

number and positions of the projecting regions may be and an abrasive cloth of the polishing apparatus; 

suitably selected in a relatively wide region on the abrasive 35 FIG. 2B is a plan view of the turntable and the abrasive 

cloth, thus making it possible to control a distribution of the cloth of the polishing apparatus' 

K^^rf*' WC V rk ? ieCe - ™ eref T' a , deSirCd P01 " FIGS - 3A and 3B are P Ian v ^ws showing the manner in 

ished surface of the workpiece can be obtained. which the polishing P ranis operates> whh 8 & ^ 

If the workpiece is a semiconductor wafer, for example, lar projecting region on the abrasive cloth- 

which is to be polished flatwise, the position of the project- 40 FIGS . 4A th h 4D are ■ yiews gh * fa 

ing region is determined so as to mens vely polish an area ;„ wh inh th+ \T .• *^ p»*"i views snowing me manner 

u .u i- u- , , , . F id which the projecting region shown in FIG 3Aooerates- 

where the polishing rate would otherwise be too small, rin e • i • Z - rt operates, 

thereby correcting the polishing irregularities. In this FIG ; , 5 ^ a P^" view showing an area contacted by the 

manner, the workpiece can be polished to a desired flatness Pr ° jeCtmg ^ Sh ° Wn 10 F1G - 3A; 

In the case where the projecting region is selectively « FIG . 6 15 a P lan view showing an area contacted by the 

formed mechanically, switching between the formation of P ro J ectin S ^gion shown in FIG. 3B; 

the projecting region and the elimination of the projecting FIG / 7 ^ a P lan view showing the manner in which the 

region can easily be carried out. Therefore, it is easy to vary polishing apparatus operates, the view illustrating how a 

a combination of plural projecting regions in accordance single projecting region may be positioned in different 

with the workpiece to be polished and the conditions in 50 locations 00 [hc abrasive cloth; 

which it is to be polished. FIG. 8 is a plan view showing the paths of centers of areas 

According to a second aspect of the present invention, in whicn lh e projecting region in each position affects the 

there is provided a polishing apparatus comprising: a turn- surface of a semiconductor wafer to be polished in the 

table with an abrasive cloth mounted on an upper surface embodiment of FIG. 7; 

thereof; a top ring disposed above the turntable for support- 55 FIG - 9 is a plan view showing a polishing action of the 

ing a workpiece to be polished and pressing the workpiece polishing apparatus; 

against the abrasive cloth; and moving means for moving the FIGS. 10A and 10B are views showing the manner in 

turntable and the top ring relatively to each other to polish which the polishing apparatus makes a planetary motion; 

a surface of the workpiece supported by the lop ring with the FIGS. 11 A and 11B are plan views showing the manner in 

abrasive cloth; wherein the turntable has a recess defined in 60 which the polishing apparatus operates, with a single annu- 

the upper surface thereof. The recess has a smaller dimen- lar projecting region on the abrasive cloth; 

sion in a radial direction of the turntable than a diameter of FIGS. 12A and 12B are plan views showing the manner 

the workpiece, and a position of the recess is determined on in which the annular projecting region shown in FIGS. 11A 

the basis of an area in which the recess acts on the work- and 11 B operates; 

P1C ^ a- u 65 FIG " 13 isa P lan view of a specific structure of projecting 

According to the second aspect of the present invention, regions on the upper surface of the turntable of the polishing 

while the workpiece is being polished, the workpiece inter- apparatus; 



5,8: 

5 

FIG. 14 is an enlarged fragmentary vertical cross- 
seciional view of a projecting region on the upper surface of 
the turntable of the polishing apparatus shown in FIG. 13; 

FIG. 15 is an enlarged fragmentary vertical cross- 
sectional view of a modified projecting region on the upper 
surface of the turntable of the polishing apparatus; 

FIG. 16 is an enlarged fragmentary vertical cross- 
sectional view of another modified projecting region on the 
upper surface of the turntable of the polishing apparatus; 

FIG. 17 is a vertical cross-sectional view of another 
specific structure of annular projecting regions on the upper 
surface of the turntable of the polishing apparatus; 

FIG. 18 is a plan view of the specific structure of annular 
projecting regions on the upper surface of the turntable of 
the polishing apparatus shown in FIG. 17; 

FIG. 19 is an enlarged fragmentary vertical cross- 
sectional view of a projecting region on the upper surface of 
the turntable of the polishing apparatus shown in FIG. 17; 

FIGS. 20A, 20B, and 20C are views showing comparison 
between a polishing apparatus according to the present 
invention and a conventional polishing apparatus; 

FIG. 21 is an enlarged fragmentary vertical cross- 
sectional view of a polishing apparatus according to another 
embodiment of the present invention; 

FIG. 22 is an enlarged fragmentary vertical cross- 
sectional view of a polishing apparatus according to still 
another embodiment of the present invention; and 

FIG. 23 is a plan view showing areas in which a projecting 
region acts and does not act when an actuator is turned on 
and off along a path on a semiconductor wafer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
As shown in FIG. 1, a polishing apparatus according to an 
embodiment of the present invention has a turntable 1 and a 
top ring 3 positioned above the turntable 1 for holding a 
semiconductor wafer 2 and pressing the semiconductor 
wafer 2 against the turntable 1. Top ring 3 has a wafer- 
holding area over which the wafer is held by the top ring. 
The turntable 1 is rotatable about its own axis as indicated 
by an arrow by a motor (not shown) which is coupled 
through a shaft to the turntable 1. An abrasive cloth 4 is 
attached to an upper surface of the turntable 1. 

The top ring 3 is coupled to a motor (not shown) and also 
to an air cylinder (not shown). The top ring 3 is vertically 
movable and rotatable about its own axis as indicated by the 
arrows by the motor and the air cylinder. The top ring 3 can 
therefore press the semiconductor wafer 2 against the abra- 
sive cloth 4 under a desired pressure. A guide ring 6 is 
mounted on the outer circumferential edge of the lower 
surface of the top ring 3 for preventing the semiconductor 
wafer 2 from being disengaged from the top ring 3. 

An abrasive liquid supply nozzle 5 is disposed directly 
above the turntable 1 for supplying an abrasive liquid Q 
containing an abrasive material onto the abrasive cloth 4 55 
mounted on the turntable 1. 

The polishing apparatus operates as follows: The semi- 
conductor wafer 2 is held on the lower surface of the top ring 
3, and pressed against the abrasive cloth 4 on the upper 
surface of the turntable 1 which is being rotated, by the air 60 
cylinder. The abrasive liquid supply nozzle 5 supplies the 
abrasive liquid Q onto the abrasive cloth 4, and the supplied 
abrasive liquid Q is retained on the abrasive cloth 4. The 
lower surface of the semiconductor wafer 2 is polished in 
such a state that the abrasive liquid Q is present between the 65 
lower surface of the semiconductor wafer 2 and the abrasive 
cloth 4. 
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FIGS. 2 A and 2B show the turntable 1 and the abrasive 
cloth 4 in detail. As shown in FIG. 2A, the turntable 1 has 
circular projecting regions la on its upper surface which 
form respective circular projecting regions 4a on the upper 
5 surface of the abrasive cloth 4 which is held in contact with 
the semiconductor wafer 2. While each of the projecting 
regions 4a is being held in contact with the semiconductor 
wafer 2, the length "d" of each projecting region 4a in the 
radial direction (of the turntable) indicated by the arrow V 
10 (see FIG. 2B) across the turntable 1 is smaller than the 
diameter "D" of the semiconductor wafer 2, and the position 
of each projecting region 4a is determined based on an area 
in which the projecting region 4a acts on the semiconductor 
wafer 2. 

The abrasive cloth 4 generally comprises fibers impreg- 
nated with urethane resin or polyurethane foam. Typically, 
the abrasive cloth 4 may be made of SUBA (trade name) or 
IC-1000 (trade name) manufactured by Rodel Products 
Corporation. 

The projecting regions la on the turntable 1 and hence the 
projecting regions 4a on the abrasive cloth 4 serve to correct 
the polishing rate of the semiconductor wafer 2. The pro- 
jecting regions 4a offer the following advantages: The 
projecting regions 4a act on the semiconductor wafer 2 only 
during the period of time when they pass over the surface of 
the semiconductor wafer 2, rather than during the entire 
period of time when the semiconductor wafer 2 is polished 
by the top ring 3 and the abrasive cloth 4. Specifically, the 
projecting regions 4a act for a shorter period of time than the 
time during which the top ring 3 is held in contact with the 
semiconductor wafer 2, i.e. at all times. Even if each of the 
projecting regions 4a has a height of about 0.1 mm above the 
flat surface of the abrasive cloth 4, it causes a difference of 
the polishing rate only by about several hundred angstroms/ 
min. This means that the polished surface of the semicon- 
ductor wafer can be controlled at a depth of about several 
hundred angstroms by controlling the height of the project- 
ing region to be on the order of 0.1 mm. 

The polishing action of the projecting regions 4a , on the 
surface of the abrasive cloth 4, which are held in contact 
with the semiconductor wafer 2 will be described below 
with reference to FIGS. 3A and 3B through 10A and 10B. 

FIGS. 3A and 3B are plan views of the abrasive cloth 4, 
showing a single circular projecting region 4a on the surface 
of the abrasive cloth 4 which is held in contact with the 
semiconductor wafer 2. In FIG, 3A, the projecting region 4a 
is positioned so as to pass through only a certain inside area 
of the semiconductor wafer 2. In FIG. 3B, the projecting 
region 4a is positioned so as to pass through a central area 
of the semiconductor wafer 2. It is assumed that the turntable 
1 and the semiconductor wafer 2 are rotated at the same 
angular velocity and in the same direction. 

The path of the projecting region 4a on the abrasive cloth 
4 within the inside area of the semiconductor wafer 2 as 
shown in FIG. 3A will be described below with reference to 
FIGS. 4A through 4D. FIG. 4A shows the instant when the 
projecting region 4a contacts an outer circumferential edge 
of the semiconductor wafer 2 while the projecting region 4a 
rotates about the center C 7 - of the turntable 1. At this time, 
an orientation flat 2a formed on the outer periphery of the 
semiconductor wafer 2 is positioned in diametrically oppo- 
site relation to the projecting region 4a. 

When the turntable 1 rotates through an angle 6j from the 
position shown in FIG. 4 A, the projecting region 4a is 
positioned in its entirety within the inside area of the 
semiconductor wafer 2 as shown in FIG. 4B. Since the 
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turntable 1 and the semiconductor wafer 2 are rotated at the 
same angular velocity and in the same direction, the semi- 
conductor wafer 2 also rotates through the angle 6,. 
Therefore, when the semiconductor wafer 2 is in the position 
shown in FIG. 4B, the position in which the projecting 
region 4a was held in contact with the semiconductor wafer 
2 as shown in FIG. 4A is indicated by a broken-line circle 
1 in FIG. 4B. 

When the turntable 1 further rotates through an angle 8, 
from the position shown in FIG. 4B to the position shown in 
FIG. 4C, the semiconductor wafer 2 also rotates through the 
angle 9 2 . Therefore, when the semiconductor wafer 2 is in 
the position shown in FIG. 4C, the positions in which the 
projecting region 4a was held in contact with the semicon- 
ductor wafer 2 as shown in FIGS. 4A and 4B are indicated 
respectively by broken-line circles i, 2 in FIG. 4C. The 
position in which the projecting region 4a was held in 
contact with the semiconductor wafer 2 as shown in FIG. 4A 
is diametrically opposite to the orientation flat 2a of the 
semiconductor wafer 2 at all times. 

Because the turntable 1 and the semiconductor wafer 2 
rotate in this manner, the projecting region 4a passes over 
the surface of the semiconductor wafer 2 through a path 
indicated by i, 2, 3, 4, 5 in FIG. 4D. Accordingly, the 
projecting region 4a contacts an area of the lower surface of 
the semiconductor wafer 2 which is shown hatched in FIG. 
5. In FIG. 5, the center of the projecting region 4a which is 
of a circular shape follows a dot-and-dash-line path L 
extending in and along the hatched area. 

In the case where the projecting region 4a is positioned so 
as to pass through a central area of the semiconductor wafer 
2, as shown in FIG. 3B, the locus of the projecting region 4a 
is shown in FIG. 6. 

Therefore, the projecting region 4a passes through dif- 
ferent surface areas of the semiconductor wafer 2 in accor- 
dance with the position of the projecting region 4a on the 
abrasive cloth 4. FIG. 7 shows how the projecting region 4a 
may be positioned in other locations on the abrasive cloth 4, 
in addition to the locations of the projecting region 4a shown 
in FIGS. 3A and 3B. In FIG. 7, the projecting region 4a is 
positioned in each of locations CI, C2, C3, C4, C5 radially 
spaced at successive distances from the center C T of the 
turntable 1. As shown in FIG. 8, the projecting region 4a 
positioned in each of locations CI, C2, C3, C4, C5 has its 
loci LI, L2, L3, L4, L5, respectively, within the lower 
surface of the semiconductor wafer 2 when the turntable 1 
and the semiconductor wafer 2 rotate in unison with each 
other. The loci LI, L2, L3, L4, L5 shown in FIG. 8 are 
viewed from the reverse side of the semiconductor wafer 2, 
i.e., the upper surface of the semiconductor wafer 2 which 
is opposite to the surface thereof which is being polished. 

In the case where the single projecting region 4a is 
employed as shown in FIGS. 3A and 3B through 8, if the 
turntable 1 and the semiconductor wafer 2 are rotated at the 
same rotational speed to uniformize the relative speed 
between the turntable 1 and the semiconductor wafer 2 on 
the surface of the semiconductor wafer 2 to be polished, then 
the projecting region 4a passes through the same position on 
the semiconductor wafer 2 at all times. Specifically, when 
the turntable 1 makes one revolution from the position 
shown in FIG. 9, since the semiconductor wafer 2 also 
makes one revolution, the projecting region 4a rotates from 
the illustrated position and back again to the illustrated 
position. Since the projecting region 4a passes through the 
same position on the semiconductor wafer 2 at all times, 
only a certain localized area of the semiconductor wafer 2 
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tends to be excessively polished by the projecting region 4a. 
Such a shortcoming can be avoided by rotating the turntable 
1 and the semiconductor wafer 2 at different rotational 
speeds while polishing the semiconductor wafer 2. When the 
5 turntable 1 and the semiconductor wafer 2 are rotated at 
different rotational speeds, the projecting region 4a acts on 
a different area on the semiconductor wafer 2 each lime 
when the turntable 1 makes one revolution. Accordingly, the 
semiconductor wafer 2 is prevented from being polished 
30 only in a localized area thereof. 

The paths of the projecting region 4a which are illustrated 
above are based on the rotation of the turntable 1 and the top 
ring 3 at the same rotational speed. The projecting region 4a 
moves along different paths when the turntable 1 and the 
15 semiconductor wafer 2 are rotated at different rotational 
speeds. However, if the difference between the rotational 
speeds of the turntable 1 and the semiconductor wafer 2 is 
not significantly large, then the paths of the projecting region 
4a remain substantially the same. 
20 When the turntable 1 and the semiconductor wafer 2 are 
rotated at different rotational speeds, the projecting region 
4a passes along a different path on the semiconductor wafer 
2 each time when the turntable 1 makes one revolution, until 
it contacts the entire surface of the semiconductor wafer 2, 
25 as shown in FIG. 10A. In FIG. 10A, the projecting region 4a 
contacts the semiconductor wafer 2 in a hatched area which 
is progressively moved as indicated by the arrows, until the 
projecting region 4a contacts an entire area outside the circle 
indicated by the broken line. 

In an area of the semiconductor wafer 2 which is polished 
by the projecting region 4a t the center of the projecting 
region 4a which is of a circular shape acts on the semicon- 
ductor wafer 2 over a longer distance. Therefore, the pro- 
jecting region 4a acts more intensively on some regions and 
less intensively on other regions within the area of the 
semiconductor wafer 2 which is polished by the projecting 
region 4a. Such different degrees of the polishing action of 
the projecting region 4a are illustrated in FIG. 10B. 
, n The area of the semiconductor wafer 2 which is polished 
by the projecting region 4a is of a concentric annular shape 
on the surface of the semiconductor wafer 2. The profile of 
the degree (referred to as intensity of polishing action) to 
which the projecting region 4a acts on, i.e., polishes the 
5 surface of the semiconductor wafer 2, is determined by the 
proportion of the period of time during which the projecting 
region 4a passes over the surface of the semiconductor 
wafer 2. 

Even when the turntable 1 and the semiconductor wafer 2 
50 are rotated at the same rotational speed, the top ring 3 may 
have such structure to impart a planetary motion to the 
semiconductor wafer 2 for thereby rotating the semiconduc- 
tor wafer 2 at a rotational speed different from the rotational 
speed of the top ring 3, as disclosed in Japanese patent 
55 application No. 5-321260 (corresponding to U.S. Pat. No. 
5,398,459). Such an arrangement is also effective in pre- 
venting the semiconductor wafer 2 from being polished only 
in a localized area thereof. 

While use of only the single projecting region 4a has been 
60 described above, a plurality of projecting regions may be 
used to produce a more intensive polishing action on the 
semiconductor wafer 2. The number of projecting regions 
used may be selected depending on the degree or extent to 
which the semiconductor wafer 2 is to be polished. 
65 The size of projecting regions as well as the number of 
projecting regions is also one of the factors that affect the 
polishing action on the semiconductor wafer 2. Therefore, in 
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l^lt ™rih rea or t lhc r en l J i,B of ' he semiconductor the projecting region 4b acts oo the semiconductor wafer 2 

wafer, he polishing rMc of the semiconductor wafer 2 can to the greatest degree at the center of the semiconductor 

precisely be controlled by selecting the position, number, wafer 2, so that the distribution curve has its peak at its 

and size of projecting regions. Selection of the position, center. In FIG. 12B, the projecting region 4b does not act on 
number, and size of projecting regions for an optimum 5 the center of the semiconductor wafer 2, but acts on the 

combination may automatically be carried out by a computer semiconductor wafer 2 to a greater degree in a radially 

or the like. outward direction, so that the distribution curve has its peak 

Annular projecting regions 4b of different sizes on the at its opposite ends, 

abrasive cloth 4 will be described below with reference to With the configurations shown in FIGS 11A 11B and 
FIGS. 11A, 11B and I2A, 12B. FIG. 1IA shows an annular 3Q 12A, 12B, the projecting regions 4b act on the center and 

projecting region 4b positioned concentrically with the outer circumferential edge, respectively, of the semiconduc- 

center C r of the turntable 1, the projecting region 4b being lor wafer 2. However, an annular projecting region may be 

positioned so as to extend through the center of the semi- positioned so as to extend intermediate between the center 

conductor wafer 2. FIG. 11B shows a projecting region 4b and outer circumferential edge of the semiconductor wafer 
positioned concentrically with the center C r of the turntable 15 2, or may have a different width. Furthermore, the center of 

1, the projecting region 4b being positioned so as to extend the semiconductor wafer 2 may be spaced from the center of 

through an outer circumferential edge of the semiconductor the turntable 1 by a different distance, or a plurality of 

wafer 2. In each of FIGS. 11A and 11B, the projecting region annular projecting regions having different diameters may 

4b is held in contact with the semiconductor wafer 2 at all be employed. These modifications may be selected singly or 
times * 20 in combination to vary the area of the semiconductor wafer 

FIGS. 12A and 12B illustrate areas in which the project- 2 in which the projecting region or regions 4b act or the 

ing region 4b acts, and FIGS. 12A and 12B correspond to the degree to which the projecting region or regions 4b act on 

FIGS. 11A and 11B, respectively. In FIG. 12A, since the l he semiconductor wafer 2. 

projecting region 4b extends through the center of the A specific structure of projecting regions on the upper 
semiconductor wafer 2 across the outer circumferential edge 2 s surface of the turntable 1 of the polishing apparatus will be 

thereof, the projecting region 4b acts on the entire area of the " described below with reference to FIGS. 13 and 14. As 

semiconductor wafer 2 when the semiconductor wafer 2 shown in FIG. 13, the turntable 1 has a plurality of small 

rotates. A circular area E of the semiconductor wafer 2, circular cavities 21 defined therein on five concentric circles 

which is indicated by the broken line in FIG. 12A, is held in of different diameters which are concentric with the center 
contact with the projecting region 4b at all times. In FIG. 30 C T of the turntable 1. As shown in FIG. 14, each of the 

12B, inasmuch as the projecting region 4b contacts only an cavities 21 houses an actuator 22 for forming a projecting 

outer circumferential edge of the semiconductor wafer 2, the region on the upper surface of the turntable 1 under elec- 

projecting region 4b does not act in a circular area of the tromagnelic forces. 

semiconductor wafer 2 within a circle F indicated by the The actuator 22 comprises a movable plate 23 connected 

innermost broken line. In the area of the semiconductor 35 to a plate 26 by a vertical shaft 25, and an electromagnet 24 

wafer 2 which is contacted by the projecting region 4b, the disposed around the vertical shaft 25 between the movable 

degree to which the semiconductor wafer 2 contacts the plate 23 and the plate 26. When an electric current is 

projecting region 4b while the semiconductor wafer 2 makes supplied to the coil of the electromagnet 24, the plate 26 is 

one revolution varies in accordance with the distance from upwardly attracted to the electromagnet 24, thus pushing the 

the center of the semiconductor wafer 2 in its surface. w movable plate 23 upwardly above the upper surface of the 

Specifically, as shown in FIG. 12B, a small area SI in an turntable 1. When no electric current is supplied to the coil 

inner circumferential zone of the area of the semiconductor of the electromagnet 24, the plate 26 is pulled away from the 

wafer 2 which is held in contact with the projecting region electromagnet 24 by a spring 36, thus lowering the movable 

4b is contacted by the projecting region 4b through an angle plate 23 into a position which is the same plane as the upper 

al during one revolution of the semiconductor wafer 2, 45 surface of the turntable 1. 

whereas a small area S2 in an outer circumferential zone of A projecting region may be formed on the upper surface 

the area of the semiconductor wafer 2 which is held in 0 f the turntable 1 by any of various other actuators than the 

contact with the projecting region 4b is contacted by the electromagnetic actuator 22 shown in FIGS. 13 and 14 

projecting region 4b through an angle o2 during one revo- Examples of such other actuators are shown in FIGS. 15 and 

lution of the semiconductor wafer 2. The angle o2 is greater 50 16. The actuator shown in FIG. 15 comprises a piezoelectric 

than the angle al. actuator, and the actuator shown in FIG. 16 comprises a ball 

Therefore, the area of the semiconductor wafer 2 in which screw actuator. Each of the actuators shown in FIGS. 15 and 

the projecting region 4b acts contains different areas that are 16 may be arranged to form projecting regions in the pattern 

contacted by the projecting region 4b in different polishing shown in FIG. 13. 

degrees. The degree to which the projecting region 4b acts 55 In FIG. 15, the piezoelectric actuator comprises a piezo- 

on the semiconductor wafer 2 is uniform in the same electric element 27 disposed in a cavity 21 defined in the 

circumference, but varies radially, of the semiconductor turntable 1, and a hole 28 is formed in the turntable 1 for 

wafer 2. FIGS. 12A and 12B show, in lower graphs thereof, accommodating leads for applying a voltage therethrough to 

respective distributions of degrees to which the projecting the piezoelectric element 27. When a voltage is applied 

regions 4b shown in FIGS. 11A and 11B act on the semi- 6 0 through the leads to the piezoelectric element 27, the piezo- 

conductor wafer 2 in the diametrical direction. In each of the electric element 27 is expanded vertically to project a 

graphs, the vertical axis represents the degree to which the movable plate 29 on the piezoelectric element 27 above the 

projecting region 4b acts on the semiconductor wafer 2, i.e., upper surface of the turntable 1. When no voltage is applied 

the intensity of polishing action, and the horizontal axis to the piezoelectric element 27, the piezoelectric element 27 

represents the diameter of the semiconductor wafer 2. 65 j s contracted vertically to retract the movable plate 29 into 

In FIG. 12A, because the center of the semiconductor a position which is the same plane as the upper surface of the 

wafer 2 is contacted by the projecting region 4b at all limes, turntable 1. 
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In i FIG. 16 the ball screw actuator comprises a lifting apparatus according to the present invention. As shown in 
mechanism 30 disposed in a cavity 21 formed in the turn- FIG. 20B on its left-hand side, the turntable 1 has a circular 
table 1. The lifting mechanism 30 comprises a stepping pattern of projecting regions on its upper surface which form 
motor 31, a ball screw 32 connected to the shaft of the respective projecting regions 4a on the upper surface of the 
stepping motor 31, a slider 33 engaging the ball screw 32, 5 abrasive cloth 4 at such positions as to pass through the 
and a bearing 34 which supports the slider 33 for vertical center of the semiconductor wafer 2. After the semiconduc- 
movement. When the shaft of the stepping motor 31 is ^ or wa f er 2 was P olis hed, the thickness of the remaining 
rotated in one direction upon actuation of the stepping motor insulating film was reduced in its central area, i.e., the 
31, the ball screw 32 lifts the slider 33 to project a movable central area of the semiconductor wafer 2 was polished to a 
plate 35 above the upper surface of the turntable 1. When the 10 greater degree. Thus the flatness of the polished semicon- 
shaft of the stepping motor 31 is rotated in the opposite ductor wafer 2 was increased as compared with the semi- 
direction, the ball screw 32 lowers the slider 33 to retract the conductor wafer 2 shown in FIG. 20A, as can be understood 
movable plate 35 into a position which is the same plane as from a & ra P h on the right-hand side of FIG. 20B. 
the upper surface of the turntable 1. FIG- 20C shows the result of a polishing action effected 

FIGS. 17 through 19 show another specific structure of ^ on , the ^ of semiconductor wafer by another pol- 

projecting regions on the upper surface of the turntable 1 of Ishmg ^P^ 31115 according to the present invention. As 

the polishing apparatus. The turntable 1 has three annular shown m n( f - 20C on its left " hand side * the turntable 1 has 

cavities 21 defined therein concentrically with the center C r concemnc circular patterns of projecting regions on its 

of the turntable 1, The annular cavities 21 have open upper Upper surface whicn form respective projecting regions 4a 

ends, at the upper surface of the turntable 1, which are 20 on upper surface of the abrasive cloth 4 at such positions 

hermetically closed respectively by annular thin plates 12 as 10 pass mrou g n tne cemer and other intermediate portions 

whose inner and outer circumferential edges are welded to °f the semiconductor wafer 2. After the semiconductor wafer 

the turntable 1. The annular cavities 21 communicate with 2 Was P ollsned > lne thickness of the remaining insulating 

respective air passages 13 defined in the turntable I and film was reduced m lls central and intermediate areas, i.e., 

extending downwardly. The air passages 13 are connected to 25 lhe central and intermediate areas of the semiconductor 

a compressed air source 14 through respective independent wafer 2 were P° lished 10 a greater degree. Thus the flatness 

pipes having respective regulators (air pressure regulating of the pollshed semiconductor wafer 2 was increased as 

valves) V 1 , V-,, V 3 . compared with the semiconductor wafer 2 shown in FIG. 

tin. " j • ■ i- i r . 20B, as can be understood from a eraph on the rinht-hand 

When compressed air is supplied from the compressed air side of FIG 2 oc 

source 14 to the annular cavities 21, the thin plates 12 project 30 . '. - . . 

upwardly above the upper surface of the turntable 1 under an . ^ P ° Slt , 10nS ° f P ro J eclm g re S 10ns u fo ™ cd on the abra ' 
air pressure in the annular cavities 21. The height to which S1V ? C *° th at P 0Sltl0DS contact Wlth *e semiconductor 
the thin plates 12 project upwardly can be controlled by T f f T 2 T d ^ er ™ ned based on the area of the semicon- 
varying the supplied air pressure with the regulators V 1( V 2 , ^ UCt0r W K afer 2 * which ' he projecting regions are to act, and 
V 3 . When the semiconductor wafer is polished, since the 35 the T I Projecting regions are appro- 
abrasive cloth 4 is attached to the upper surface of the P natel y deter niined to achieve a desired polishing condition 
turntable 1, the abrasive cloth 4 also projects upwardly at ° D lhe semiconduclor wafer 2 - 

positions corresponding to the thin plates 12 when the thin After the semiconductor wafer 2 has been polished, the 

plates 12 project upwardly. The height to which the abrasive abra sive cloth 4 may be dressed in preparation for the 

cloth 4 projects upwardlv can be controlled by the regulators 40 pollsnia S of a Dext semiconductor wafer. The abrasive cloth 

V ai V 2 , V 3 , and the regulators V,, V., V 3 can be controlled 4 may be dressed b ? P ressin g a brush or diamond pellets 

to regulate respective air pressures" to produce a desired agamst lne abrasive clolh 4 whlle supplying water to the 

combination of different heights to which the abrasive cloth abrasive cl o»h 4. The dressing of the abrasive cloth 4 is 

4 projects upwardly at the corresponding positions. In this necessar y to dress the fibers of the abrasive cloth 4 and 

manner, the semiconductor wafer 2 can be polished inten- 45 remOVe any remaimn & abrasive material in the abrasive 

sively at a desired area or areas thereon hc * uid from the abrasive cloth 4. When the abrasive cloth 4 

FIGS. 20A, 20B, and 20C show advantages of polishing r ^^Ts teLm ^ My Pr ° jeCtiDg 

apparatus according to the present invention. CI ~ . ' . . . , 

iTi/- in a •. .u ■ c , • t HO 21 shows «" enlarged fragmentary vertical cross 

FIG.20A shows the result of a polishing action which was 50 seclion , polishing apparatus according to another embodi- 

effected, by a conventional polishing apparatus, on a semi- ment of the presenl inventjon . According t0 lne embodiment 

conductor wafer 2 which has an insulating film of silicon shoW n in FIG. 21, a turntable 1 has recesses 16 defined in an 

oxide (S:0 2 ) deposited on a substrate of silicon (Si). FIG. upper surface thereofj and an abrasive cIoth 4 fa altached lQ 

20Ashows a turntable 1 on Us left-hand side, and a graph on the upper of lhe turntab i e L The pofching apparatus 

its nght-hand side which indicates the thickness of an 55 shown in F1G . 2 1 effects a polishing action in a manner 

insulating film remaining on the substrate after the polishing which is a reversa , of lhe polishing action effected by the 

action. The graph has a vertical axis representing the thick- polishing apparatas with the projecting regions. To be more 

ness of the remaining insulating film and a horizontal axis specifiC) tne abrasive clo(h 4 has a weaker polishi abilil 

representing the diameter of the semiconductor wafer 2. The at i ocations corresponding to the recesses lb than other 

abrasive cloth was made of polyurethane foam, and the 60 areas , and heQce a semiconductor wafer is polished to a 

abrasive liquid was of a general composition with silica smal i er degree a t such locations by the abrasive cloth 4 held 

particles dispersed in an alkaline solution. It can be seen iD cont act with the semiconductor wafer. Any irregularities 

from F G. 20A that the thickness of the remaining insulating of the degree l0 which tne semiconductor wafer is polished, 

film is large in a central area of the semiconductor wafer and due to an unequa l supply of abrasive liquid and an unequal 

the polished surface of the sermconductor wafer was not flat. 65 distribution of abrasive liquid on the abrasive cloth 4, and 

FIG. 20B shows the result of a polishing action effected the period of time when the abrasive cloth 4 has been used, 

on the same kind of semiconductor wafer by a polishing can be corrected by positioning the recesses lb so as to act 



